Abstract
Introduction
Recently, advanced video compression, called MPEG, has become an emerging and enabling key technology for new systems in digital transmission and storage. Digital video broadcasting based on MPEG-2 will start in near future and the necessity for exploring home-use MPEG recording becomes apparent. For consumer applications, the trend is towards small recording mechanics (e.g. camcording) and digital recording of compressed digital video signals [l] . These aspects have been combined into the so-called DVC system, which was recently announced [2] and which is being developed by a substantial group of companies.
Using the DVC recording system with its channel coding for error protection as a reliable recording channel, we attempt to record MPEGcompressed signals on this channel directly, without applying the DVC video compression so that expensive video transcoding in the recorder is avoided. Currently, MPEG recording modes for ATV (HDTV in USA) and DVB (Europe) with bit rates of 25, 12.5 and 6.25 Mbit/s are being standardized. The system described in this paper is based on 12.5 Mbit/s which is expected to be the most promising value for DVB recording.
Several problems exist with recording of heavily compressed MPEG signals. Firstly, the signals have a variable bit cost per compression unit, asking for more robust synchronization and reliable data recovery. Secondly, the data are not randomly accessible, but need decoding in a predetermined order. This is particularly problematic for implementing trick modes (e.g. fast search). Thirdly, MPEG signals are subject to accurate timing constraints, which are difficult to maintain due to the distribution of data over the track format and the non-active periods during recording. The aim is to find a robust mapping of MPEG signals on tape, while providing facilities for trick-mode playback.
Mapping of MPEG signals
Since a complete unwrapping of the MPEG signal for trick modes is rather complex, we have adopted a soIution in which separate (MPEGcoded) signals are recorded for trick-mode use, whereas the received broadcast signal is used for full-quality normal playback. The special trickmode signals are recorded, with some duplication, at specific positions on tape (special formatting), so that these data can be accessed at particular search speeds. Figure 1 portrays the block diagram of the recording system.
The video signal enters the system in MPEG compressed form and is buffered for reformatting. From the received bit stream, pictorial data of I-frames is extracted and transcoded to construct a separate trick-mode bit stream. The MPEG stream and the trickmode stream are then multiplexed into a joint tape format for recording. For robustness, a fixed mapping of transport packets onto channel-coded data packets is applied.
In the basic recording mode of 12.5 Mbit/s, MPEG signals of up to 10 Mbit/s can be recorded. The remaining capacity is reserved for the trick-mode signals in order to show pictures at various speeds. Although MPEG-2 main profile video at main level may take up to 15 Mbit/s, the expected bit rate of an MPEG-2 program at this level for consumer applications is below 10 Mbit/s. In a general broadcast situation, several of such programs are multiplexed in a single high-rate MPEG stream (e.g. 40 Mbit/s). In this case, only transport packets from one program are selected at the input. By means of special time stamps that are generated at the input and stored along with the packets on tape, the original timing (before selection) is reconstructed at the playback output, so that MPEG timing constraints are satisfied again.
Channel coding and mechanics
We have adopted the high-efficiency DC-free 24-25 channel code, described in [l] , to constitute pilot tones which are embedded in the data. For error-correction (ECC), the DVC recording format employs Reed-Solomon (RS) product codes defined within a track. Although the performance of these codes is good for random errors, they are susceptible to burst errors in the direction of a track (e.g. head clogging). For this reason, extra ECC has been defined in which an RS codeword is formed by interleaving in a direction across the tracks, thereby splitting errors within one track into different codewords.
The channel-coded signals are recorded with an experimental compact DVC recorder mechanism. In order to implement a set of possible bit rates using the same recorder (from 50 Mbit/s down to 6.25 Mbit/s), a scanner concept with 2 x 2 heads at 9000 rpm is adopted. At 50 Mbit/s, both head pairs are used continuously. The effective bit rate is halved by using only one head pair, and again halved by using this pair only once every two revolutions, and so on. The tape speed is lowered accordingly. In other words, the effective rate is lowered by using one out of every n time intervals (where an interval corresponds to half a revolution of the scanner). During replay, the same interval method can be used. However, the remaining time intervals are also available for reading data from tape. In normal play, only one interval leads to the correct tracking position of the heads with respect to the tracks. As a result, the use of the other three intervals seems to be unattractive. However, combining the results of all intervals after the first level of ECC increases the tracking margin and hence improves robustness dramatically. In trick play, the use of this technique is also advantageous. In the experimental setup, 1/4, 1/2 or all of the time intervals can be used during replay.
